Comments on "Load Regulation of the Properties of Adult Feline Cardiocytes: The Role of Substrate Adhesion." Circ Res 1986;58:692-705
To the Editor:
In their study of cultured adult cat heart muscle cells, Cooper et al 1 concluded that "no trophic response to norepinephrine was identified" (p. 693). The opposite conclusion is supported by the data presented. The purpose of this letter is twofold: first, to point out that a trophic response to norepinephrine (NE) was in fact shown in this study; and second, to indicate certain methodologic issues that need to be recognized in the use of a culture system to study myocardial cell growth regulation.
/. Trophic Response to NE
A trophic response to NE was evidenced in three ways: 1) by an increase in cell surface area, particularly when considered in relation to the data on RNA and protein fluorescence, 2) by an increase in myosin heavy chain, and 3) by induction of spontaneous contractile activity.
1) NE increases surface area, without changing apparent RNA or protein concentration. The surface area data from Table 1 in Cooper et al 1 are reproduced in column one of Table 1 . The ascorbic acid group (Group 5) is the appropriate control for the NE-treated cells since these groups would then differ only in the presence and absence of NE. These data show clearly that NE stimulated a major (maximum 2.5-fold), dose-related, and statistically significant increase in cardiocyte surface area, over and above the increase seen in the ascorbic acid group. However, the authors concluded that the "increased cardiocyte surface area observed here with norepinephrine cannot be ascribed solely to the a, activity of this drug, both because of the spontaneous contractions which it caused and because of the concomitant use of ascorbic acid" (p. 698). As just noted, ascorbic acid can by no means account for the full NE effect. The issue of spontaneous contractions will be addressed further below. Since NE is both an a-and p-adrenergic agonist, experiments with different antagonists would have been required to assign receptor specificity of the surface area response. Had these been done, it might have been found that ot, agonism can increase cell size without inducing spontaneous contractility, as I have found in cultured neonatal rat heart muscle cells. 2 Parenthetically, Table 1 also shows that low [K*\, increases surface area, although the effect is considerably less than that of NE (p<0.01 for NE, 1 JJLM versus low [K*]^ by one-way analysis of variance, followed by a Newman-Keuls test). The authors ascribe this increase to the fact that spontaneous contractility was induced by low [K*]^ "albeit at a rather slow initial rate which decreased further with time" (p. 698). The actual rate data might have been of interest. I also question the statement that there is no "putative or known trophic effect of low [K + ] o itself" (p. 698). The paper cited by the authors 3 shows that prolonged exposure of cultured chick heart cells to low extracellular potassium causes induction of additional functional sarcolemmal sodium pump sites. I suggest that this induction is a trophic effect and that it may not be related to contractility per se since it has been demonstrated in noncontractile cells (references in Kim et al 3 ). Furthermore, I see no reason to exclude the possibility that sarcolemmal sodium pump sites are important for cell growth.
The authors cautioned that the area technique "cannot differentiate an increase in cardiocyte surface area caused by cellular spreading from one caused by actual cellular growth" (p. 698). Evert if the effect of NE were limited to "cellular spreading," I would contend that this reflects a trophic effect, and that it should have been stated whether the increase in area caused by NE was produced by an increase in cell width, cell length, or both. On the other hand, in cultured neonatal rat heart myocytes, apparent surface area is a reliable index of cell size since increases in area are accompanied by parallel increases in cell volume and in cell RNA and protein content. 2 -*- 6 Furthermore, the authors' own data on RNA and protein fluorescence is compatible with the notion that treatment with NE increased the total RNA and protein content of these cells.
The authors used a microfluorometric method to assay RNA and protein in a defined area of the central cytoplasm (p. 695, emphasis added) of cells in the same groups indicated in Table 1 . They found no differences in RNA and protein fluorescence intensities among the day-14 adherent groups ( Table 3 in Cooper et al 1 ). In particular, there was no difference between the NE-and ascorbic acid-treated cells. Therefore, the NE-treated cells did not appear to be "flatter," as estimated by RNA and protein fluorescence of the central cytoplasm. Furthermore, since the NE-treated cells had a larger area (Table 1 ) and a similar RNA and protein content in the central part of that area, they must have had greater total RNA and protein per cell as compared with the appropriate controls, the ascorbic acid-treated cells. The authors present no data to suggest that RNA and protein vary in different parts of the cytoplasm; indeed, the cells were said to remain rod-shaped through 14 days in culture. Thus, contrary to the authors' interpretation, the surface area and, microfluorometric data just discussed provide the first evidence for a trophic effect of NE on cultured adult feline heart muscle cells.
2) NE increases myosin heavy chain. The authors used sodium dodecyl sulfate-poryacrylamide gel electrophoresis (SDS-PAGE) to separate equal amounts of protein from the same groups as in Table 1 . The Coomassie blue-stained electrophoretogram is shown in their Figure 2B . The myosin heavy chain band is obviously much more intense in the lane derived from NE-treated cells than in the lanes from day-14 control cells, or from cells treated with low [K + ] o or ascorbic acid. To provide a rough quantitation of this visual impression, densitometry was performed on transparencies of the authors' Figure 2B . The results ( Table 2) indicate that NE increased myosin heavy chain band density by fourfold, as compared with the ascorbic acid-treated cells. Furthermore, note that the NE concentration in this experiment was 0.1 p.M, 10-fold less than the NE concentration (1.0 u,M) that produced the maximum measured increase in surface area ( Table 1 
above).
In their Figure 2B , the bands labeled a-actin, actin, and myoglobin all appear darker in the lanes from the NE and ascorbic acid groups than in those from low [K + ] o and no treatment. All of these observations are difficult to reconcile with the authors' statement that there was "a modest effect of low [K*],,, norepinephrine, and ascorbic acid in retaining the loss of contractile proteins from adherent cardiocytes" (p. 699). The basis for the effect of ascorbic acid (Tables 1 and 2 above) is not readily apparent. I have found no effect of 0.1 mM ascorbic acid on protein content of cultured neonatal rat heart myocytes, measured over a 24-hour interval. 2 3) NE induces spontaneous contractility. The third piece of evidence for a trophic effect of NE in the authors' study is the dose-related induction of spontaneous contractility in the normally quiescent cells (p. 698). The time course and receptor specificity of this response were not described. It would have been of interest to know if this was a chronic effect that required both a,-and P,adrenergic stimulation but that did not require protein synthesis, as I have found in cultured neonatal rat myocytes. 2 The study (Jacobson 7 ) that the authors cite as precedent for their observation may not be relevant. Jacobson' reported that epinephrine transiently increased the rate of spontaneously contractile adult rat cells or altered the response of quiescent cells to electrical stimulation.
In summary, the authors have demonstrated by at least three criteria a trophic effect of NE. However, the time course and receptor 
Column one is taken directly from Cooper et al.' Columns two and three are treated/control ratios calculated from the data in column one. In column two, the control is that used by the authors (Group 1, Day 1). In column three, the control is the ascorbic acid group (Group 5). Thep values in column three were obtained from the data in column one, using n = 100 and the same method employed by the authors, who did not report the statistical comparison with the ascorbic acid group. The original legend to this table stated as follows 1 :
"Each result is expressed as a mean ± SE. For each measurement, the surface areas of a minimum of 100 randomly selected cells from the four wells on two cell culture slides were digitized. Note that each of the three subgroups exposed to norepinephrine was also exposed to 0.10 /tM ascorbic acid.
"•Significant difference from the control values at both day 1 and day 14 when examined by one-way analysis of variance, followed by a Newman-Keuls test."
Note that the concentration of ascorbic acid may actually have been 0.1 mM (Cooper et al, 1 p. 694) , rather than 0.1 /xM as given in this table.
specificity of the responses were not defined. In addition, NE in the medium declined by 80% over the 2 days between medium changes (p. 694), a decrease that I prevent" by routine use of medium buffered with low bicarbonate, to avoid catecholamine degradation at alkaline pH when the cultures are outside the incubator.
//. Methodological Issues
Certain technical issues need to be recognized and/or reported for optimum use of a cell culture system to study growth regulation.
1) The number of independent experiments and culture preparations indicates the reproducibility of the studies but was not reported in the authors' paper.
2) The numbers of cells in the groups and as a function of time are critical variables not reported by the authors. Cell density (cells per unit of culture surface) modulates growth and function of cultured cells. They did not indicate how many cells attached initially, how many survived over 14 days in the different groups, and what fraction of them were rod-shaped (in Figure IE of day-14 adherent cells, two of the three cells are round, not rod-shaped). With the exception of the samples for gel electrophoresis (see 3 below), the authors' study is based entirely on examination of selected rod-shaped cells: for light and electron microscopy, surface area measurement (100 cells/group), microfluorometry (80 cells-/group), and autoradiography (250 cells/group). Thus it is essential to know cell densities and the proportions of rod-shaped cells in the different groups as a function of time. Otherwise, there is the serious potential problem of selection bias, when choosing cells to examine from the different groups. Further, a trophic effect might be manifest by alteration of these numbers. Comparative data in studies cited by the authors are relevant. Borg et al 1 found attachment efficiency on laminin to be about 30%, and Eckel et al' found over 4 days in serum-free culture a 50% decline in total cells and a 30% loss of rod-shaped cells.
3) The numbers of rod-shaped and/or round cells represented by each lane of the gel electroplioretogTams (their Figure 2 and Table  2 ) are not reported. These numbers are required to interpret whether an increase in the myosin band, for example, reflects a proportionate or disproportionate increase in myosin per cell. In addition, the 15 \ig of protein appl ied to each lane was apparently contaminated with albumin from the medium, and this contamination varied with time and between gels (their Figure 2 ).
4) The protein fluorescence measurements are equally complicated by the time-related accumulation of albumin by the cells. This background fluorescence may explain why control cytoplasmic protein fluorescence did not decrease with time (their Table 3 ).
5) The micTofluorometric method used by the authors sampled only a portion of each cell (p. 695, and see above) and thus provided no information on total cell RNA or protein content. The authors might have used appropriate enzymes (e.g., DNase, RNase) to overcome the problem of fluoroprobe nonspecificity.
6) The authors reported control cardiocyte surface area to be 2 x 10 7 |xm 2 ( Table 1) . Even if the 7 is intended to be a 3, there are inconsistencies with their previous data. 10 A mean length times width of 1,000 p.m 2 (one half the doubled apparent control area given in Table 1 , and assuming 10 3 rather than 10 7 ) is less than one half the mean length times width of 2,565-2,860 u.m ! found by Silver et al 10 Transparencies of Figure 2b in Cooper et al 1 were made on two photocopy machines. A densitometer was used to scan the myosin heavy chain bands on each of the two transparencies. Each band was scanned in duplicate three times (in the middle and at each side). Mean values in density units and treated/control ratios are given, using as the control the ascorbic acid-treated group.
Circulation Research Vol 62, No 4, April 1988 for cat right and left ventricular myocytes. This comparison raises questions about their area technique and/or cell preparation.
7) The authors used 2 mg/ml bovine serum albumin in the culture medium. It should be remembered that albumin canies varying amounts of thyroid and steroid hormones and fatty acids. Its use can therefore be a source of unrecognized variability. 8) In studies on serum-free cultures, a useful positive control is serum, a potent, readily available, nonspecific trophic substance. 5 By testing the effect of serum, the authors might have found whether the cells in their preparation could retain RNA and contractile proteins under any circumstances.
9) The suspension cultures used by the authors as their "unloaded" condition contained predominantly nonviable cells. This is shown by the absence of detectable nuclear labeling of 250 cells with [ 3 H]uridine during a 2-hour pulse on day 0 (their Figure 4) . The electron micrograph of a single cell (their Figure 1H) does not negate the biochemical data. The nonviability of their suspended cells is in agreement with the well-known principle that no primary cultures can be maintained as unattached, single cells in suspension, with the exception of blood cells. Therefore, "external load" as defined by the authors is at best a nonspecific survival factor.
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